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I n  earlier papers, we have cons idered  t h e  occurrence  of 
water and permafrost on Mars (1, 2 ,  3 ,  4 1 ,  some impor t an t  
q u e s t i o n s  r e l a t i n g  t o  t h e  phases and phys ica l  s tates of 
water and ice on Mars (5, 6 ) ,  and t h e i r  t e r res t r ia l  
ana logues  (7 ,  8 ) ,  and some of t h e i r  possible consequences i n  
forming Mart ian l andscapes  (9 ,  1 0 ,  11). This paper f o c u s e s  
on t h e  water-ice phase composition, adsorp t ion-desorp t ion  
and evapora t ion  phenomena, and b r i n e  composi t ions of s i x  
a n t a r c t i c  s o i l s  t h a t  a re  cons idered  t o  be good t e r r e s t r i a l  
ana logues  of t h e  Martian surface m a t e r i a l s .  

The water-ice phase composition diagram is shown i n  
schematic form i n  F i g u r e  1. Water-ice phase composi t ion 
data f o r  a very  l a r g e  number of f r o z e n  t e r r e s t r i a l  s o i l s  can 
be adequate ly  r ep resen ted  i n  t h i s  manner, a l t h o u g h  
impor tan t ,  second o rde r ,  d e v i a t i o n s  have been recognized i n  
c e r t a i n  special cases ( 6 ) .  The diagram i n  F i g u r e  1 
r e p r e s e n t s  t h e  genera l  equi l ibr ium t h a t  is es tab l i shed  
between ice  formed w i t h i n  a par t icu la te  m a t r i x  and t h e  water 
remaining unfrozen when temperature, so lu t e  c o n c e n t r a t i o n ,  
etc. are f ixed .  All evidence a v a i l a b l e  t o  date i n d i c a t e s  
t h a t  t h e  ice formed is  normal, hexagonal ice I, al though 
d i f f e r e n t i a l  scanning ca lo r ime t ry  has  r evea led  c e r t a i n  
c o m p l e x i t i e s  i n  t h e  release of l a t e n t  h e a t  on f r e e z i n g  t h a t  
have been ascribed t o  t h e  presence of complex phases i n  t h e  
unfrozen, i n t e r f a c i a l  water. S i m i l a r l y ,  anamolous me l t ing  
behavior a l s o  h a s  been observed (11). 

F i g u r e s  2 and 3 show t h e  water-ice phase composi t ion 
f o r  one of t h e  s i x  A n t a r c t i c  s o i l s  from t h e  lower W r i g h t  
Va l l ey  (S i t e  1, Figure  4 )  A n t a r c t i c a  s t u d i e d  i n  t h i s  
i n v e s t i g a t i o n .  V a l u e s  of t h e  q u a n t i t y  of water remaining i n  
t h e  unfrozen s t a t e  a s  a f u n c t i o n  of temperature a r e  g iven  
when t h i s  equi l ibr ium is  approached i n  both cool ing  and 
warming cyc les .  As is  e v i d e n t  from these data,  t h e  
agreement is  extremely good, i n d i c a t i n g  t h a t  t h e  t r a n s f e r  of 
water from one phase t o  ano the r  i s  n e a r l y  r e v e r s i b l e .  Small 
d i s c r e p a n c i e s ,  when they occur ,  are a t t r i b u t e d  t o  c a p i l l a r y  
and i n t e r f a c i a l  effects t h a t  cannot be e a s i l y  con t ro l l ed .  

That  equi l ibr ium ex is t s  between t h e  vapor phase, also,  
can  be demonstrated. F igu re  5 shows t h e  deso rp t ion  isotherm 
of water i n  montmor i l lon i te  c l ay  a t  -5 degrees C. The 
iso therm cuts  t h e  o r d i n a t e  sha rp ly  a t  a r e l a t i v e  humidity of 
100% p r e c i s e l y  a t  t h e  v a l u e  of t h e  unfrozen water c o n t e n t  of 
an  ice con ta in ing  f r o z e n  sample of t h e  same montmor i l l on i t e  
c l a y  a t  -5 degrees  C. The results of many experiments  have 
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ver i f ied  t h a t  as  water vapor is pumped away from t h e  f r o z e n  
ice con ta in ing  c l a y ,  t h e  unfrozen water con ten t  remains 
c o n s t a n t  u n t i l  t h e  so l id  phase is removed. Only a f te r  a l l  
t h e  ice is gone, does subsequent  removal of water vapor 
d e p l e t e  t h e  unfrozen i n t e r f a c i a l  water phase. 

Figure 6 shows t h e  e v o l u t i o n  of adsorbed water vapor 
(mass 18) on h e a t i n g  one of t h e  s i x  A n t a r c t i c  soils i n  t h i s  
i n v e s t i g a t i o n .  Similar cu rves  were obta ined  f o r  each of t h e  
s i x  samples i n v e s t i g a t e d .  The detector i n  t h i s  case was a 
scanning mass spectrometer f u n c t i o n i n g  as an  e f f l u e n t  gas 
ana lyzer .  I n  a d d i t i o n  t o  measuring t h e  water vapor release, 
i t  a l s o  measured t h e  release of o the r  v o l a t i l e s .  Release 
c u r v e s  were ob ta ined  f o r  NO, SO, 0, N and CO , t h e  most 
abundant v o l a t i l e  component species of t h e  na ural b r i n e s  
p r e s e n t  i n  t h e s e  s o i l s .  The curves f o r  NO (mass 30)  and 
C 4  w i t h  N20 (mass 4 4 )  are  i n c l u d e d  i n  F i g u r e  6 .  

The water - ice  phase composi t ion curves i n  F i g u r e s  2 and 
3 ref lect  t h e  presence  of t h e  n a t u r a l  b r i n e s  t h a t  decompose 
on h e a t i n g  t o  y i e l d  t h e  mass 30 and mass 4 4  curves  i n  F i g u r e  
5 .  The v a l u e s  of t h e  water remain ing  unfrozen a t  a g iven  
t empera tu re  are  l a r g e r  i n  t h e  case of t h e  n a t u r a l  soils t h a n  
those observed when they  are washed f r ee  of t h e  b r i n e s  and 
a g a i n  subjec ted  t o  a de te rmina t ion  of t h e  water-ice phase 
composi t ion curve. The effect of t h e  presence of these 
b r i n e s  can be p r e d i c t e d  from theory  as was done i n  a n  
earlier paper by Banin and Anderson (12). The d i f f e r e n c e  
between t h e  two cu rves  shown i n  F i g u r e s  2 and 3 are 
c o n s i s t e n t  w i t h  t h e  p r e d i c t i o n  of t h e i r  equat ion  9 . 

Atmospheric exchange of water vapor w i t h  t h e  Mart ian 
r e g o l i t h  i n v o l v e s  a number of dynamic processes. Some of 
these invo lve  changes of phase a s  i l l u s t r a t e d  i n  t h e  data 
shown above. Whenever a change of phase occurs ,  there i s  a n  
accompanying l a t e n t  heat effect .  As these data show, l a t e n t  
h e a t  effects  i n  t e r r e s t r i a l  s o i l s  a r e  not  i so thermal :  t hey  
are involved  a t  n e a r l y  a l l  stages when ground t empera tu res  
f luc tua te .  This h a s  been g r a p h i c a l l y  shown i n  diagrams such 
a s  t h o s e  i n  F igu res  7 and 8 .  C a l c u l a t i o n s  done f o r  
temperature f l u c t u a t i o n s  i n  Arctic permafrost have shown 
t h a t  t h e s e  e f fec ts  a re  n o t  n e g l i g i b l e ,  b u t  they are 
r e l a t i v e l y  easy t o  i n c l u d e  i n  t h e o r e t i c a l  c a l c u l a t i o n s  (13). 

I n  a d d i t i o n  t o  c o r r e l a t i n g  a number of experimental  
measurements, a l l  r e l a t i n g  t o  t h e  composition and behavior  
of permafrost and f r o z e n  ground, t h i s  d i s c u s s i o n  i l l u s t r a t e s  
t h e  gene ra l  u t i l i t y  of a D i f f e r e n t i a l  Scanning Calor imet ry  / 
E f f l u e n t  Gas Analys is  (DSC/EGA) instrument  such a s  was 
proposed ear l ier  f o r  t h e  Viking Lander Mission and more 
r e c e n t l y ,  for  t h e  Comet Rendez-vous and As te ro id  Flyby 
(CRAF) miss ion  (14). Data o b t a i n a b l e  from a p rope r ly  
des igned  and ope ra t ed  DSC/EGA instrument  can provide t h e  
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means of 
have been posed i n  t h e  papers presented i n  t h i s  workshop. 

deducing t h e  answers t o  many of t h e  q u e s t i o n s  t h a t  
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Figure 3. Water-ice phase -ition data for 
Antarctic soil No. 1 obtained during 
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figure 2. Water-ice phase ccnposition date for 
Antarctic soil No. 1 obtained during 
a cooling cycle. 

Figure 4. LDcation w p ;  -le No. 1 was obtained 
at site 1. 
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Figure 5. Water vapr desorption i.sothenn for 
sodim saturated mnmrillonite 
illustrating the tmximrn m u n t  of 
unfrozen water that can exist at -5' C. 

Figure 7. Scanning calorimter traces for m t -  
mrillonite No. 26 containing no salt 
(waning curves). 
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Figure 6. ltw evalution of P20, 03 , "0 and .W 
on heating Antarctic sol? No. 1 f m n  
loo0 to 55ao c. 

Figure 8. Scanning calorimeter traces for m n t -  
mrillonite No. 26 containing salt 
(waning curves). 

18 


